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Abstract 
Within the endometrial cavity intrauterine 
contraceptive devices (IUDs) become encrusted 
with cellular, acellular, and fibrillar substan-
ces . Scanning electron microscopy was used to 
study the crust. Cellular material cons i sted 
mainl y of blood cells and various types of bacter-
ia. The fibrillar material appeared to be fibrin 
which was omnipresent in the crust and for med a 
thin l ayer immediately over the IUD surface. X-ray 
microanaly sis of the acellu l ar component of the 
crust revea l ed the presence of cal cium. No other 
major peaks were identified. Near the IUD surface 
character i stic calcium phosphate crysta l s were 
present. Their microanalysis showed peaks for cal -
cium and phosphorus. X-ra y diffraction of the 
crust however, showed it to contain only cal cite. 
It is through the use of scanning electron micro-
scopy that calcium phosphate has been detected in 
the IUD crust and a fibri ll ar layer has been 
visualized on the IUD surface. This study further 
demonstrates the effectiveness of SEM analytica l 
techniques in the area of biomedical research. 
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Introd uction 
Intrauterine contraceptive devices (IUDs) are 
one of the most popular means of reproduction 
control in the worl d today. They are effec tiv e , 
economical and genera ll y safe. A number of clini-
cal studies have however, shown that use of IUDs 
leads to an increased incidence of pelvic inflam-
mation and that the duration of the use of an IUD 
is the single most important risk factor in the 
devel opment of the inflammation [3, 12, 13, 14]. 
Within the endometrial cavity, IUDs are capable 
of inducing changes that can l ead to inflammatio~ 
In the process the IUD surface becomes encrusted 
with a light brownish-ye ll ow materia l [3, 4, 5, 9] 
which, in cases of heavy deposition, can be seen 
with unaided eyes. Our interest in biominera li za-
tion led us to study this phenomenon. Changes 
that affect IUDs are surface related, permitting 
their study using scanning el ectron microscopic 
techniques. 
Materials and Methods 
The IUDs used in this stu dy were extracted 
for various reasons. Two Lippes l oops and one 
copper IUD were removed because of the finding of 
actinomycosis -l ike bacterial groups in their 
cerv i cal cytology specimens. One Saf-T-Coil and 
one copper IUD were removed because of the diag-
nosis of pelvic inflammation disease. One Saf-T-
Coil was extracted because the patient presented 
with vaginal bl eedi ng and was found to have stage 
IIB carcinoma of th e cervix . One copper IUD was 
removed as a routine care procedure. All intra-
uterine devices were removed at the cl ini cs of 
Shands Hospital. They were within the endometrial 
cavities of women of reproductive age for approxi-
mately one to eig ht years. 
Immediately after extraction the IUDs were 
pl aced in 10% buffered formalin. Within 48 hours 
they were transferred to a half strength 
Karnovsky' s f i xative [7]. After severa l hours in 
this fixat i ve they were processed for sca nning 
electron microscopy (SEM): washed in deionized 
distilled water, then dehydra t ed through a graded 
series of a l cohols and cr iti cal poi nt dried. The 
dr i ed specimens were then coated with si l ver or 
gold-pal l adium using a sputter coater and examin-
ed with a Hitachi S-450 scann ing el ect ron 
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microscope . Following surface examination, the 
crust was removed from the IUD and was crushed 
and teased apart to observe its interior. 
Uncoated or si lver or gold-p alladiu m coated 
IUD crust was analyzed using a Kevex 7000 energy 
dispersive x-r ay microanalyser, attached to the 
scanning electron microscope. The crust was also 
analyzed by x-r ay diffraction using a Phi li ps 
automated powder diffraction unit APO 3520. 
Results 
The IUD surface was covered with a flaky or 
cracked (Fig. l) crust which consisted of cellu -
lar, acellular and fibrillar substances. The 
cracked or f l aky appearance of the crust may be 
artifactual and a result of the dehydration pro-
cess. The amount of crust deposited appeared to 
depend upon the duration the devices were in 
utero. Based on morphol ogy some of the cells were 
identified as erythrocytes (Fig. 2) and leuko-
cytes while others, because of the characteristic 
ridges on their exposed surfaces, were recognized 
as exfoliated epithel i al cel l s. Rod shaped bac-
teria and spermatozoa (Fig. 3) were also seen on 
the surfaces of some IUDs. Embedded in the crust 
were filamentous microorganisms, most probably 
bacteria (Fig. 4). 
Fibril lar mater ial appeared as a reticulum 
of fine threads and was present both on the sur-
face of (Fig. 2), as well as within the crust and 
was al so present under the crust, coating the IUD 
surface. The morphological appearance of the fib-
rillar material and its intimate association with 
blood cells would strongly suggest t hat the fib-
rillar material was fibrin. Sheppard and Bonnar 
[15] have also reported the presence of fibri n in 
IUD crust . Some of the fibrillar mat erial could 
be pre-ovulatory mucoprotein s derived from the 
endometrial fluid. 
The acellu l ar mater i al on the c rust surfa ce 
was amorphous to spheroidal in appearance (Fig. 
3). Elemental analysis of this subst ance revealed 
that calcium was its main component (Fig. 5a, 5c). 
Inside the crust, and near the IUD surface, there 
were round crystals (Fig. 6a) which 
Fi g. l. A plastic IUD covered with a cracked 
crust. Bar = 500 µm. 
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Fig. 2. Surface of the IUD crust showing erythro-
cytes and fibrillar mater ial along with amorphous 
substances whose microana ly sis showed a presence 
of only calc ium. Bar= 5 µm. 
Fig . 3. Surface of an IUD crust showing acel lul ar, 
cellular and fibril l ar substances. A spermatozoan 
can be identified at the top r i ght. Microanalysis 
of l arge spheroida l structures showed the pre-
sence of only calc ium. Bar = 50 µm. 
Fig. 4. Filamentous microorga nis ms found embedded 
in the crust from a plastic IUD. Bar= 50 µm. 
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Fig. 5. Elemental analysi s 
spectra of the IUD surfa ces 
a. encrusted Li ppes loo p. 
b. decrusted Lippes loop . 
c. encrusted copper IUD. 
d. decrusted copper IUD. 
AG, silver, BA, barium; 
CA, cal cium; CL, chlorid e; 
CU, copper; P, phosphorus; 
S. sul phur. Lippes loop 
were coate d with s ilv er, 
hence the s il ver peaks. 
Copper IUDs were analyzed 
without coatin g. Counting 
time 100 seconds , specimen 
tilt angle 30° , a and b 
spec tra 0.64 -5.76 keV 
and c and d spectra 
0-1 0.24 keV. 
Fi g. 6. a. Calcium phosphate crysta l s present on 
the crust ' s undersurface. Bar=5µm. b. El emental 
analysis spectr um of calcium phosphate crysta l s 
shown in Fig. 6a. 0.72 keV- 5.84 keV. For other 
l egends see Fig. 5. 
morphol ogi cally resembled urinary apatite cry -
sta l s [16]. They were either smooth surfaced or 
had radia ll y arranged pl ate -li ke crystall ites 
on their per i phery (Fi g. 6a). The x- ray micro-
analysis spectrum of these crysta l s showed cal-
cium and phosphorus peaks (Fi g . 6b) . Based on 
their habit and chemi cal composition these cry-
stals were identi f i ed as apati t e . 
The x- ray microanalysis of encrusted copper, 
as well as ine rt plastic, IUD surfaces, showed 
,major peaks for only calciu m (Figs. 5a, 5c). When 
th e crust was removed from an IUD surface, 
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mi croana lys is of plast i c intr auter ine devices 
showed peaks for chl or id e, phosphor us , sul phur 
and sometimes bariu m and sulphur (Fig. 5b) in 
addition to small er peaks for cal cium. The micro-
analys i s of copper IUDs, after crust removal, 
showed peaks for copper in addition to cal cium 
(Fig . 5d). All of the calcified materia l did not 
come off the IUD surface when the crust was re-
moved, The residual cal cif i ed material on the IUD 
surface may be responsib l e for the cal cium and 
phosphorus peaks in the spectra of decrusted IUDs. 
Bari um and sulphur peaks may have originated from 
barium sulphate which i s used to make the plastic 
IUDs radiopaque . Biol ogi ca l mater i al present in 
the crust may als o have contr i buted to the sul-
phur peaks. Sul phur peak in the spectrum of en-
crusted IUD (Fig. 5a) was much small er than in 
the spectrum of decrusted IUD (Fig. 5b) suggest -
ing that sulphur respons ibl e for the peaks was 
mostly confined to the IUD itself. 
Disscussion 
Used IUDs have been analyzed by various 
microscopic [2, 4, 5, 9, 10, 11, 15, 17, 18] , 
chemical [ l , 10, 18] and crysta ll ograph i c tech-
niques [10] to study the changes that affe ct the 
IUDs in s it u as well as the natur e of the crust 
that i s fo rmed on th ei r sur faces . Li ght micro-
scopic examination of the used IUDs suggested 
that a prolon ged exposure to the endometria l 
envi ronment resu lt ed in gross di sin t egra tion of 
the IUD surface . While th e surface of an unused 
IUD i s smooth and gl i sten ing, an IUD that has 
been in ut ero for 36 month s or l onger appears 
pitt ed with f l aking material on th e surface [3, 
4]. The true nature of th e f l akes and pi ts i s 
cl arified by SEM analys i s of the used IUDs [ll, 
12] . The presen t and ear li er SEM studi es [2, 9 
13, 14] cl ear ly demonstrate th at th e flakes are 
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actually dried crust coming off the IUDs, it is 
the result of encrustation of the IUD surface 
with biological and cal cifi c materials. 
Earlier microscopic and crystal lo graphic 
studies [2, 6, 9, 70, 75, 17] of the surface 
crust of used IUDs have shown that the crust con-
tains calcium carbonate, various types of rod 
shaped and f il amentous bacteria and a number of 
cells, most of which are macrophages. This study 
i s in genera l agreement with these earl i er find -
ings. Microanalysis of the crust showed the 
presence of calcified mater i a l which was identi-
fied as calcium carbonate by x- ray di ffraction 
[8]. A hitherto unreported crystal lin e phase of 
cal cium phosphate was also id entified. Calcium 
phosphate was detected by energy dispersive x- ray 
microa nal ysis, where it i s possible to analyze 
indi vidual crystals. These crysta l s were identi-
fied as apatit e based on their characterist i c 
morphology [16]. Calcium phosphate may have 
escaped detection in earlier studies because it 
appears to be present in only a small quantity 
which may not be enough for detection by commonly 
used techniques. X-r ay diffraction fai led to de-
tect cal ci um phosphate in the IUD crust, even in 
this study. The probable reason why calcium phos-
phate escaped detection i s because it is present 
adherent to the IUD surface, under l ayer s of cell-
ular and ace llul ar material, comprising the bulk 
of the crust. Thus, it may not have been removed 
with the crust when the latter was scraped for 
crysta ll ographic analysis. In this study residual 
calcium phosphate crysta l s were found attached to 
the IUD surface after the crust was removed. 
The association between IUDs and pel vi c in -
f l ammation of bacterial origin has been recog-
nized, even though the presence of bacteria in 
the IUD crust has rarely been reported. In a 
l ight and transmission electron microscopic stud y 
Potts and Pearson [10] found bacteria in only 2 
of 55 IUDs studied. The bacteria were present 
within 0. l micron of the surface. The bacteria on 
IUD surfaces may be a contaminant from the endo-
genous genital flora, since most devices are 
removed through the cervix and vagina. Schmidt et 
al. [ 13, 14] were first to report the establish-
ment of microbia l growth on the IUDs and suggested 
that it was one of the foremost changes in IUDs 
in utero . In a scanning and transmission el ectron 
microscopic study, Marrie and Costerton [9] illus -
trated bacteria of various morphologic types, 
ranging from rod shaped to f il amentous, inhabit-
ing the IUD crust. The bacter i a were present in 
densely packed and highly organized microcolonies. 
Results of the studies described here fu ll y agree 
with the findi ngs of Schmidt et al. and Marrie and 
Costerton. In the present st udy, although some 
bacteria were found on th e surface, most of the 
IUD associated bacteria were present deeply embed-
ded in the crust. The crust had to be crushed and 
teased apart to see these bacteria. Some of the 
surface bacteria and other biological mater i al 
may have been contamina nt s, adhered to the IUDs 
during extraction from the uterus. Most bacteria 
and other cel l ular and fibril l ar material however, 
appeared to be an int egra l part of the crust. 
Two basic types of IUDs are currently in use 
[3]. Inert IUDs are made of pl astic alone, while 
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medicated ones have plastic bodies which have a 
copper wire wound around them or are hollow 
tubes containing a slurry of progesterone which 
is released by membrane controlled diffusion. 
Medicated devices may have enhanced contracep -
tive capabi l ity over inert IUDs. Their greater 
efficacy depends on the release of copper or 
progesterone. Once the IUD's surface becomes 
coated, as this study and previous studies have 
shown, the rate of re le ase of these substances 
may decrease. This may explain, in part, the 
reported progressive decrease in the release 
rate of copper from the copper devices over time 
[2]. The prolonged use of a medicated IUD results 
in a loss of its efficiency, not only due to the 
slow loss of medication, but also probably to the 
encrustation. 
The inf ormation about IUD calc i ficat ion 
reported and discussed here was obtained by using 
a standard scanning electron mi croscope with an 
energy dispersive x-r ay microana lysis attachment. 
No complicated preparat i on techniques were in-
volved. No sectioning was required, that would be 
difficult because of the hardness of the IUD and 
the assoc iated crust. The use of re l ated techni-
ques of backscattered imaging and SEM histochemi-
stry will give more information about IUD calcifi-
cation and these are pl anned. This study further 
demonstrates the effectiveness of SEM analytical 
techniques in the area of biomedi cal research. 
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Discussion with Reviewers 
P.K. Gupta: Does the nature of surface and crust 
change with time of IUD usage? Do the changes 
stabilize after a period of time? 
Authors: It would appear so . We found calcium 
phosphate crysta ls near the IUD surface while the 
top l ayers were general ly calcium carbonate. 
P.K. Gupta: Are there any quantitative changes 
in copper peak with usage? Could these be defined 
and used as indications for IUD usefulness? 
Authors: If you are asking whether there is any 
depreciation in the amount of copper present in 
the IUD through usage we are unable to answer the 
question because we have not done any quantita-
tive microanalysis of the IUD. However we would 
like to point out that microanalysis of encrusted 
copper IUDs did not show any copper peaks even 
though the copper wire was still present beneath 
the crust. Gosden et al. (Text Ref. #2) made 
s imilar observations. The encrustation may inter-
fere with the availability of copper and limit 
its release from the IUD thus making the IUD less 
efficient. Thus, the quantitative changes in the 
amount of copper in the IUD may not be as critical 
for its contraceptive effectiveness, as the 
availability of copper. 
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T.J. Marrie: Did the thickness of the crust 
cover ing the IUD correlate with the duration 
that the device was in utero? What was the aver-
age thickness of the crust? Did the thickness of 
the crust vary according to the type of IUD? 
Authors : We did not measure the thickness of the 
crust. It did appear that the IUDs that had a 
l onger stay in utero had more crust material than 
those that were in utero for a shorter period of 
time. 
T.J. Marrie: Did the amount of cal cium and phos-
phorus present within the crust correlate with 
the duration that the IUD was in pl ace? 
Authors : We are unable to answer this question 
because we did not do any quantitative mi cro -
analysis, and we are not sure whether we can 
answer this question by the techniques we are 
using. 
P. Frasca: Do you have any clu es for mechanisms 
l eading to the reported calcification? 
Authors: The calcification phenomenon appears 
similar to plaque formation in teeth and encrust -
ation of catheters. First an amorphous coat is 
l aid down on the IUD surface. This is fo ll owed 
by deposition of fibri ll ar material, to which 
various types of cel l s and cellular debris 
adhere. The latter are then calcified using 
cal cium, bicarbonate and phosphate present in 
the intrauterine fluid. 
P. Frasca: Is it possible that the crysta ls 
shown in Fig. 6 are artifacts due to formalin 
fixation? Freeze drying would avoid possible 
artifacts, due to chemicals and water. Have you 
considered using freeze drying instead of your 
reported sample preparation method? 
Authors: The crystals shown in Fig. 6 are so 
well formed and so characteristic of basic cal-
cium phosphate (apatite) that their chances of 
being artifacts are very remote. Freeze drying is 
a good idea for sample preparation and we would 
use it in future studies. 
G.M. Roomans: Why have the authors li mite d them-
selve s to the study of fixed IUDs, from which 
solubl e mater i al has been lo st? A better chemical 
characterization of the material investigated 
could have been obtained if the authors had ana-
lyzed unfixed freeze-dried or even air-dr ied 
material. Better counting statistics would have 
made it possible to detect minor components of 
the IUD crust. 
Authors: We are interested in calcificat ion of 
IUDs and we think that the biological mater ial 
adherent to the IUD surfaces plays an i mportant 
role in the process. To identify the IUD-adherent 
material we wanted to properly fix the specimen. 
The procedure utilized in the text was the best 
we could do. Moreover, we are also studying the 
crust by transmission electron microscopy, the 
same crust we examined by SEM. We agree that 
freeze-drying of the specimen and better counting 
statistics could have made it possible to detect 
soluble as well as minor components, if present. 

